ABSTRACT Software development organizations are globalizing their activities by adopting the phenomenon of global software development (GSD), mainly due to the significant return on investment it offers. Various challenges are associated with the software process improvement (SPI). The aim of this paper is to develop a software process improvement implementation and management model (SPIIMM) that can assist GSD organizations in assessing and improving their SPI activities. A thorough systematic literature review (SLR) study was performed to identify the critical success factors (CSFs), critical barriers (CBs), and the relevant practices of SPI. An empirical study of the industry was conducted with 111 SPI experts using a survey questionnaire to verify the outcomes of the SLR. The final CSFs and CBs were categorized into five maturity levels based on the implementation maturity model, the software outsourcing vendor readiness model, and capability maturity model integration. Each maturity level consisted of different CSFs and CBs to assess and improve the SPI-related maturity level of an organization. Three case studies were conducted to evaluate the effectiveness of the proposed model. The results revealed that SPIIMM can provide a robust framework to assess and improve SPI activities in GSD organizations.
I. INTRODUCTION
Global software development (GSD) is a phenomenon in which software development activities are conducted across geographical, cultural, and temporal boundaries [1] .
This geographically distributed approach to software development has been around since the 1970s, before the term GSD was coined. Through ''contract programming'' a small module of a software system would be contracted out to a third party [2] . A majority of software development organizations took to contract programming, due to a lack of resources, low budgets, limited time available for development activities, and rising costs [3] . The current GSD trend was introduced in the 1990s by software firms in the U.S. [4] . The continued improvement in information and communications technologies has since made it easy to develop software projects without regard for geographical boundaries [5] .
The economic benefits offered by GSD projects are the most important factors motivating firms to adopt this type of development [5] . Conchuir et al. [6] suggested that GSD is a good choice because of the business profits it yields for development firms. It also provides high-quality productivity, low development cost and time, access to skillful workers, and addresses the demands of the international market [7] .
Due to the distributed nature of GSD, the quality of software products becomes an important issue. Several largescale GSD projects have yielded unsatisfactory results that have served as a blow to the industry [8] . The survey of Fitzgerald and Russo [9] highlighted this issue, reporting that 31.1% of the GSD projects they considered had ended before completion. They also revealed that only 16.2% of projects had been completed within the allocated time and budget. Attarzadeh and Ow [10] considered the quality of GSD projects a serious challenge to the software industry.
Research has been conducted into software quality issues for many years, and GSD organizations have recognized that the failure to effectively direct the software development process is one of the main causes of project failure [11] .
In the CHOAS report released by the Standish Group the failure rate of the software projects considered was found to increase from 17% [12] to 19% in 2015 [13] . These issues are often seen as related to problems in software quality. The Department of Trade and Industry in the UK commissioned two reports on software quality [14] , aimed at managing and controlling quality-related challenges by motivating software firms to obtain standards certification, such as ISO 9000. However, the ISO certification scheme has created disenchantment in the business community. Most small-and medium-sized enterprises are concerned about the budget required to achieve and sustain ISO 9000 certification. Researchers and practitioners have thus been investigating alternative ways managing and controlling software quality challenges. A basic inability to successfully manage the software process has been identified [15] - [17] .
A number of techniques have been proposed to manage and control the software process, primarily software process improvement (SPI). Yamamura [18] defined SPI as ''the discipline of defining, characterizing, improving, and measuring software management, better product innovation, faster cycle time, greater product quality, and reduced development costs simultaneously. '' Various process improvement models and standards have been developed to assist software development organizations effectively manage their processes. Capability maturity model integration (CMMI) is one such model, and consists of structured and methodical practices for process evaluation and improvement [19] . The International Organization for Standardization (ISO) has also developed standards and recommendations for SPI. For example, ISO 9000 is used to assess the quality of the deployed software systems in an organization [20] , while ISO/IEC 15504 is used for process improvement under the software process improvement and capability determination (SPICE) [21] . SPICE was developed to test and advertise process improvement standards and models [21] . The ISO/IEC 15504 standard has since evolved into a more advanced set of process assessment and improvement standards, the ISO/IEC 330XX family, which covers the assessment of processes deployed in an organization, including their maintenance, change management, delivery, and improvement [62] . These models and techniques can assist an organization to develop a quality product, reduce development cost and time, and promote user satisfaction [15] - [17] , [22] However, process improvement models and standards in the context of GSD have not been extensively developed, and hence process improvement efforts have had limited success [23] . Most organizations currently adopt GSD to gain various benefits, so it is important that process improvement experts have a deep understanding and knowledge of SPI programs in a distributed environment [23] - [25] . In the GSD environment the challenges faced by process improvement teams are quite different from other areas [23] . The implementation of SPI activities is considerably more complex in the GSD environment than in collocated development [23] . The literature on SPI has not examined the distributed nature of GSD organizations in sufficient detail [24] , [25] .
Little research has been conducted to develop standards, models, and frameworks that could assist organizations to efficiently assess and execute SPI activities in the GSD environment. We propose a model that can assist SPI practitioners to successfully quantify, evaluate, and improve their process improvement programs.
II. MOTIVATION
SPI has a long tradition in software engineering and information systems research [15] , [22] , [23] , [26] , [27] . Niazi et al. [24] reported that most of the literature has focused on SPI in the context of collocated software development. However, most organizations are currently in the process of adopting GSD. In spite of the different process improvement models and techniques proposed, the success rate of SPI projects in distributed development is very low [28] , [29] .
Khan et al. [30] suggested that process improvement deployment is a long-term approach that requires sufficient time and resources. However, the provision of the required resources and time is not a guarantee of the successful execution of SPI activities. Niazi [31] reported a 70% failure rate in their study of SPI implementation programs, and a fundamental cause was the lack of consideration of specific issues affecting SPI [28] .
Ngwenyama and Nielsen [32] argued that with regard to GSD, geographical dispersion results in physical separation among practitioners and managerial staff, the temporal distance can reduce opportunities for direct communication, and the cultural distance affects the understanding and appreciation of the activities and efforts of the distributed teams. Issues affecting GSD are thus more complex than in collocated development. Ngwenyama and Nielsen [32] mentioned that process models such as CMM, CMMI, and ISO/IEC 15504 operated successfully in collocated software development environments, but do not explicitly address the distributed nature of software development. Similarly, Richardson et al. [33] suggested that the social issues regarding process improvement in GSD must be managed along with the technical challenges. In their systematic mapping study of SPI in GSD, O'Leary et al. [34] concluded that the literature consists of numerous SPI proposals and experience reports, but few studies have examined standards and models for SPI in GSD. The deployment of SPI standards and models such as CMMI and ISO/IEC 15504 were found to have been critically discussed in the domain of GSD.
In addition to financial benefits, GSD improves the entire development lifecycle [28] . This change highlights the importance of SPI programs in the GSD environment. The arrangement and successful execution of SPI activities in a distributed environment require significant time and resources [23] .
The geographically distributed nature of GSD projects makes it challenging for team members to communicate and coordinate while implementing an SPI program. In a distributed environment, the deployment of process improvement activities becomes more pronounced [24] . Niazi et al. [24] further reported that it is challenging for GSD team members to develop SPI practices, maintain strong relationships among dispersed organizations, mitigate the temporal distance, and overcome cultural challenges. SPI practitioners must have a deep understanding and knowledge of different aspects of the process improvement program [23] .
To summarize, regardless of the significance of SPI implementation, a technique is urgently required for process improvement practitioners to competently assess and manage SPI implementation initiatives in the GSD environment.
III. RESEARCH QUESTIONS AND RESEARCH CONTRIBUTION
The main aim of this study is to experimentally investigate the views and opinions of SPI experts and develop a model that can help the GSD industry successfully implement process improvement programs.
The model is based on the process improvement literature, an empirical study of the industry, and factors that can influence the deployment of SPI programs in GSD.
The following six research questions have been addressed by our research work: RQ1. What are the success factors, as identified in the literature and in practice, which GSD organizations need to address to have a positive impact on SPI implementation? RQ2. What are the barriers, as identified in the literature and in practice, within GSD that can have a negative impact on SPI implementation? RQ3. Are there differences between the success factors identified in the literature and those in practice? RQ4. Are there differences between the barriers identified in the literature and those in practice? RQ5. How can a practically robust software process improvement implementation and management model (SPIIMM) be developed? RQ6. How can the effectiveness of SPIIMM in the realworld GSD industry be assessed? The primary focus of this work is the development of SPIIMM for the assessment and implementation of process improvement activities in the GSD industry. SPIIMM can help SPI practitioners identify, analyze, and address challenges related to SPI implementation, by suggesting best practices. This research project is original and significant. No study to date has addressed software process improvement implementation challenges by developing an SPI implementation management model in the context of GSD.
IV. RESEARCH METHODOLOGY
The selected research methods consist of a systematic literature review (SLR), a survey questionnaire, and a case study. The details are as follows: -In the first phase, the SLR approach was used to identify success factors, barriers, and implementation practices from the literature. -In the second phase, a survey approach was used to empirically confirm the findings of the SLR and identify additional success factors, barriers, and practices in addition to those reported in the first phase. -The SPIIMM was developed based on the inputs from the SLR and the questionnaire survey. -In the last phase, industrial case studies were conducted to assess the performance of SPIIMM in a real-world environment.
A. DATA COLLECTION AND ANALYSIS
The data collection method must be clearly described and justified as it has a significant effect on the analysis process [35] , [36] . We used an SLR and a questionnaire survey to collect data from the literature and practitioners. These approaches are best for the type of data analyzed and reported in the study [35] - [37] .
B. SYSTEMATIC LITERATURE REVIEW (SLR)
The SLR was conducted to extract critical success factors, barriers, and implementation practices from the literature. Rockart [38] defined SLR as a method of systematically collecting, analyzing, and reporting data from the literature of a specific research area and questions of interest [38] . The SLR technique was used to search for the most relevant literature by applying explicit inclusion and exclusion criteria for primary studies [38] . We followed the guidelines provided by Rockart [38] to conduct our SLR study. The approach consists of three main phases: planning, conducting, and reporting the review. A thorough discussion of the SLR study conducted for this research project can be found in our previously published articles [25] , [63] , [64] .
C. EMPIRICAL DATA COLLECTION
The broad array of empirical research techniques and methods enables researchers to select the most appropriate for their research problems. Kitchenham and Charters [39] claimed that the selection of empirical research methods should be based on type of data, available resources, control over the selected approach, and the capability to operate variables of interest.
Based on the findings of the SLR, we developed an online survey questionnaire to investigate the success factors, barriers, and practices of SPI in the context of GSD. The survey questionnaire provided the opportunity to obtain data from a large group of people [40] . Information was collected regarding attitudes, which is difficult using observational research methods [40] , [41] .
The survey questionnaire was based on the success factors and barriers identified during the SLR study as discussed in our published research articles [25] , [63] , [64] . A sample of the survey questionnaire used to assess the critical success factors is available through the link http:// tinyurl.com/hyyhc83.
1) PRETESTING OF THE SURVEY QUESTIONNAIRE
Pretesting the survey instrument is important, to assess the validity of its content by measuring the significant variables [42] . In this study, questionnaire pretesting was conducted with five experts in the field of empirical software engineering at the Department of Computer Science, City University of Hong Kong. The survey questionnaire was finalized after final review feedback, and minor corrections were made in the final version of the instrument.
2) POPULATION AND RESPONDENTS
Rea and Parker [43] define population as ''a set of elements regarding which researchers want to make an inference.'' Selecting the proper sample size from the targeted population is important as collecting the data from the entire population is extremely difficult [43] . As the context of this empirical study was GSD, we needed to collect data from a diverse range of SPI experts engaged in GSD projects worldwide.
3) SAMPLING DESIGN
We selected the simple random technique to design the survey sample. The simple random approach is preferred for quantitative research [39] . In random sampling, each variable of the target population has an equal chance of selection in the sample [39] . Borrego et al. [44] reported that if the population is large, random sampling is the best method of obtaining a proper sample of the population. It is a proper selection method for the listed members of the population [45] . As the target population of this study was large and consisted of a diverse range of GSD organizations, the random sampling technique was appropriate. The proposed model for this work is intended to be applicable to all GSD organizations with regard to generalization; the simple random sample technique is mainly used in such cases.
4) DATA SOURCES
Based on our experience, and discussions with research colleagues and experts at the City University of Hong Kong, we decided to approach the target population using different online sources. We joined online SPI-and GSD-related groups hosted by LinkedIn (www.linkedin.com) and Facebook (www.facebook.com). These groups provide an opportunity for the SPI and GSD communities across the world to exchange views, ideas, and information related to growing trends. We have also used email to contact SPI and GSD experts. An online request was posted on the groups we joined, and separate emails were sent to specific experts to invite them to participate in the survey.
We contacted 569 participants, of which 111 completed our questionnaire. We manually reviewed all the responses to exclude incomplete entries, but found none. The respondents ranged from software developers to CEOs with expertise in SPI and GSD. The full details of the respondents are given in Appendix 1.
D. EMPIRICAL DATA ANALYSIS 1) FREQUENCY ANALYSIS
Based on the results and analyses in our previous studies [25] , [63] , [64] , we used the frequency analysis technique in this study to report the discussion of the identified factors. The same approach has been used by other researchers for the same type of data [36] , [49] , [53] , [58] .
2) CASE STUDY ANALYSIS
We used a case study approach to evaluate the industrial effectiveness of the proposed model (SPIIMM), as this is considered the most effective evaluation technique [46] . Three case studies were conducted in three GSD organizations to evaluate SPIIMM (see Section VI). We also conducted a feedback session with the case study participants to obtain feedback regarding the functionality of the SPIIMM.
We focused on the following criteria in the participants' feedback:
-Ease of use -User satisfaction -Structure of SPIIMM The given criteria could then be used to evaluate and measure the quality and effectiveness of products, and can help to explore areas featuring defects [36] . These criteria were based on studies conducted by researchers in different domains [35] , [36] , [46] , [48] , [49] , [58] .
V. DISCUSSION ON FINDINGS
In this section, we highlight the results of the research questions reported in (Section III). The complete SLR process, including the success factors and barriers, has been discussed in our previous research studies [25] , [63] , [64] . We conducted a comparative analysis of these success factors and barriers, identified using the SLR and the survey questionnaire.
A. COMPARISON OF SUCCESS FACTORS AND BARRIERS ACROSS SLR AND EMPIRICAL STUDY
To address RQ1 and RQ3, Fig. 1 and Table 1 shows a list of the success factors identified using the SLR and survey questionnaire, respectively. Fig. 1 and Table 1 present a comparative analysis of the identified success factors. The aim of this comparison is to understand the similarities and differences between the two datasets, i.e., SLR and the empirical study.
We also performed an independent t-test to evaluate the mean difference between the ranks of SLR and the empirical study, as shown in Table 2 and Table 3 , respectively. Using Levene's Test, we calculated the significant difference in the ranks for SLR and the empirical study. Levene's Test is considered ideal for two or more groups of variables [63] . Table 3 shows that the results of the t-test were (t = 2.361, p = 0.018 < 0.05), and a significant difference between the ranks of the success factors was identified. For example, Table 1 shows that the success factor ''SF20: process improvement evaluation'' was ranked 20 in SLR but 2 in the empirical study. This shows that ''SF20: process improvement evaluation'' received more attention from practitioners compared to that from the available literature. Similarly, other factors (''SF18: setting process improvement goals,'' ''SF8: skilled human resources,'' and ''SF21: process improvement standards and procedures'') featured a considerable variation in their ranks for both SLR and the empirical study. They achieved high ranking in one type of study but little consideration in the other.
In addition to independent t-test analysis, we performed a correlation data analysis test using Spearman's rankorder correlation, which assesses the statistical dependencies between the rankings of two variables [63] . Using this correlation test, we evaluated the significance of similarities between the success factors identified using SLR and the survey study. Table 4 shows that Spearman's correlation To address RQ2 and RQ4, we conducted a thorough SLR in addition to the empirical studies we previously published [25] , [63] , [64] . The complete results and data analysis of RQ2 and RQ4 are presented in [63] . We have conducted thorough comparative study of barriers identified during SLR and empirical study [63] .
B. STRUCTURE OF SPIIMM
The success factors, barriers, and practices identified during SLR and the empirical studies provide the basis for addressing RQ5 and developing the core components of the proposed SPIIMM. The identified success factors, barriers, and practices were structured by following the concepts of the available models, i.e., CMMI [19] , [56] , IMM [35] , and SOVRM [36] , to develop SPIIMM. Fig. 3 shows the relationship between the components of SPIIMM. It demonstrates how findings of the SLR and the empirical study assist in developing the three core components of SPIIMM, i.e., -SPIIMM factors (CSFs and CBs) component -SPIIMM maturity levels component -Practices for CSFs and CBs
1) SPIIMM FACTORS (CSFs AND CBs) COMPONENT
CMMI [19] involves 25 process areas (PAs), which are classified into five maturity levels. In IMM [35] and SOVRM [36] , the authors have considered the maturity levels of CMMI in terms of critical success factors (CSFs) and critical barriers (CBs) rather than process areas. The same concept of CSFs and CBs has been used in other research studies [48] , [49] , [58] . Researchers have identified the significance of CSFs and CBs [36] , [48] , [52] , [57] , [58] . Therefore the concept of using CSFs and CBs can be effective in developing SPIIMM. The concept of critical factors was proposed by Rockart [43] to identify the information needs of the chief executive of a business. Critical factors are based on the concept of factors discussed in the literature of management [51] . Kuhrmann et al. [35] highlighted that critical factors present the key areas of process improvement projects. SPI experts should focus on those key areas otherwise they may not achieve the long-term benefits of SPI [35] , [36] , [43] , [52] . Critical factors depend on the positions of the employees in an organization and may differ from person to person. They also depend on the dispersal of the team members across geographical, cultural, and temporal boundaries [35] , [43] , [52] .
The following criteria were used to determine the criticality of a factor:
-If a factor has a frequency ≥50% in both the literature and the empirical study, it was considered critical.
The same criterion has been used by researchers in other domains [25] , [36] , [53] , [54] , and to determine the CSFs and CBs for SPI implementation, regardless of significant differences among datasets (i.e., SLR and the empirical study).
We have identified the following CSFs using the above criteria: CSF1: management commitment, CSF2: staff involvement, CSF3: allocation of resources, CSF4: 3Cs (communication, coordination, and control), CSF5: project pilot implementation and CSF6: process improvement expertise.
Similarly, the reported CBs are: CB1: lack of organizational support, CB2: lack of communication, CB3: lack of process improvement knowledge, CB4: lack of formal SPI implementation methodology and CB5: lack of resources.
We have reported the detail analysis of CBs in [25] and [63] .
2) SPIIMM MATURITY LEVEL COMPONENT
In this research study, a staged representation of CMMI [19] , [56] was followed to structure the maturity levels of SPIIMM. CMMI consists of five maturity levels, and each level is based on different PAs. The PAs of CMMI maturity levels contain various real-world practices. The CMMI maturity levels and its categorization are based on different PAs. This leads us to design SPIIMM maturity levels that are composed of different CSFs and CBs. We also identified the real-world practices to address each CSF and CB of a specific maturity level. The CSFs and CBs are briefly discussed in Section V-B1.
For the SPIIMM, we made some alterations in the structure of CMMI maturity levels (Fig. 4) :
-Level-1 (Initial): We considered the first level of CMMI as the initial maturity level of SPIIMM [19] , [56] . At this level the SPI activities are not formally defined and only few processes are presented. This level has no CSF and CB. -Level-2 (Commitment): Commitment has been identified as the most significant factor in the SLR study (68%) and the survey questionnaire (96%). The implementation of the SPI program is a long-standing approach and requires the commitment of organizational management, in the sense of participating in SPI activities, providing the adequate resources, time, appropriate infrastructure, and continuous support to successfully execute the process improvement activities. Therefore, based on the results obtained from the SLR and the empirical study, the level-2 of SPIIMM was considered as ''commitment.'' Organizational management should thus commit to consider the SPI as a real-world project. This level has one CSF and one CB (Table 5 ). -Level-3 (Communication): The focus of this level is that the organization has appropriately addressed all the issues related to communication, which has been considered as the maturity level in another study [49] , to develop a communication and coordination challenges mitigation model for GSD vendor organizations. Therefore, in this research study the level-3 ''Communication'' is adopted from [49] as the domain of our work is also based on GSD. Similarly, the 3Cs (communication, coordination, control) have been found to be significant factors in SLR (64%) and the empirical study (90%), as shown in Table 1 . Therefore, we have considered ''communication'' as the maturity level because both coordination and control are dependent on communication [40] . Level-3 consists of two CSFs and one CB (Table 5 ). -Level-4 (Managed): Level-4 of SPIIMM has been directly selected from CMMI as at this level all the processes are formally managed [19] , [48] . The level consists of two CSFs and two CBs (Table 5 ). -Level-5 (Optimizing): Optimizing is the final maturity level of SPIIMM and is directly taken from CMMI. At this level the organizations develop a structure for continuous improvement [19] , [48] . The level has one CSF and one CB (Table 5 ).
SPIIMM does not adopt ''level-3: Defined'' and ''level-4: Quantitatively Managed'' of CMMI. In this research work, we found no factor that directly relates to level-3 and level-4 of CMMI.
3) SPIIMM PRACTICES COMPONENT
To address the reported CSFs and CBs, we identified a list of practices using SLR and a survey questionnaire, as discussed in Appendix 2. All the identified practices along their respective CSFs and CBs are reported in Table 5 . In Appendix 2, Table 15 consists of those practices identified during the SLR study to address the CSFs, and Table 17 contains the additional new practices that were not found during the SLR study but reported by the survey respondents. In total 45 practices were identified that could address the reported CSFs, as shown in Appendix 2.
Similarly, various practices were identified to address the CBs. The CBs along their respective practices are given in Table 5 . We identified 26 practices to address the CBs. In these practices, one additional new practice was mentioned by the survey respondents. The remaining 25 were extracted from the literature and validated for SPI implementation in GSD organizations, using the survey questionnaire approach. The practices are briefly discussed in Appendix 2 (Table 16 ).
C. SPIIMM ASSESSMENT METHOD
We used the Motorola assessment tool [59] to evaluate the effectiveness of SPIIMM. This tool has been used by other researchers to assess the efficiency of their proposed models [36] , [48] , [49] , [58] . The Motorola assessment instrument has numerous advantages. It is normative and has been tried and tested by Motorola. The instrument is used to evaluate the status of an organization relative to CMM and CMMI, and can indicate the weak areas of an organization that need further attention and improvements [59] . It consists of the following three evaluation dimensions [59] .
-Approach: The criterion for this dimension is based on the commitment of organizational management to the practice, and also the capability of an organization to implement the practice. -Deployment: The criterion developed for this dimension is the uniform and consistent deployment of practices across all areas of the project. -Results: In this dimension the criterion is about the breadth and consistency of positive results over time and across the project areas.
Each dimension was assigned a score from 0-10 [59] . The scoring criterion for each dimension is discussed in [59] .
The following steps of the Motorola instrument have been adopted for SPIIMM assessment [72].
-Step-1: The participant from the SPI implementation team should compute the three-dimensional score of the Motorola instrument for each practice of critical success factors (CSFs) and critical barriers (CBs). -Step-2: The calculated three-dimensional scores of each practice should be added together and divided by three (3). -The final calculated score should round to the nearest whole number. -Step-3: Repeat step-2 for each practice of the identified CSFs and CBs. Add the scores of all the practices together to calculate the final score for specific CSF or CB. -Step-4: Relating the assessment score to SPIIMM: a score of 7 or above for a specific critical success factor or critical barrier will show that the particular CSF or CB has been effectively implemented [59] . If the score of any CSF or CB is lower than seven then the implementation of that particular CSF or CB is considered weak [59] . -Step-5: To achieve a specific maturity level of SPIIMM, it is vital to address all the CSFs and CBs of that particular maturity level. For example, if the organization want to attain the maturity level-3 of SPIIMM it is must to address all the CSFs and CBs of level 3, i.e., (CSF2: staff involvement), (CSF4: 3C's (communication, coordination, control), and (CB2: lack of communication) and their average score should be seven or above.
In Table 6 the evaluation example of SPIIM is shown by following the above five steps of the Motorola instrument.
The results presented in Table 6 shows that the practices identified for the critical success factor (CSF1: management commitment) have an overall average score of five. This reveals that the success factor (CSF1: management commitment) is not completely addressed, as its average score is less than seven. To assess the SPI maturity level of an organization, it is vital to go through the evaluation of all the practices identified for CSFs and CBS.
VI. ASSESSMENT OF SPIIMM
To address RQ6, we adopted a case study approach to assess the software process improvement implementation and management model (SPIIMM) using the Motorola assessment tool. A case study approach is considered to be more effective for the assessment and can provide adequate information about real-world industry experience [46] . As SPIIMM is designed to be implemented in the real-world software industry this approach is considered to be more suitable and effective for this research study. The aim of the real-world case study was to examine whether SPIIMM is appropriate for the GSD industry.
A. SPIIMM ASSESSMENT CRITERIA
We used the following criteria to assess the effectiveness of SPIIMM.
-Ease of use: The aim of this criterion is to measure how easily experts can use and understand the implementation of SPIIMM. -User satisfaction: The objective of this criterion is to measure the degree of user satisfaction with the outputs of SPIIMM. -Structure of SPIIMM: The objective of this criterion is to assess the key components of SPIIMM and also to provide an overview of the classification of the identified CSFs and CFs across the maturity levels of SPIIMM. The criteria are based on the literature, and have been used by other researchers [48] , [58] . The above criteria are followed to examine those areas where SPIIMM needs further improvements. All the evaluation results of SPIIMM are used to modify its structure and for future study.
B. SPIIMM ASSESSMENT USING CASE STUDIES
Three case studies were conducted in GSD organizations to evaluate the effectiveness of SPIIMM. Organizations were randomly selected for the case studies by visiting their profiles on the social network LinkedIn. We visited their websites for further information and details about their SPI activities. Initially we contacted some of the organizations by sending an invitation letter via email. The sample invitation letter can be found via the link http://tinyurl.com/zu79lv7. Finally, we selected three organizations for the case studies. The selected organizations provided rich descriptions of their process improvement efforts and agreed to release the case study results. We sent a guideline document to each participant of the case study, which consists of a brief introduction of the project and the assessment procedure. The sample guideline document can be found via the link http://tinyurl.com/go2n5ky. The participants from the selected organizations assessed the SPI capabilities of their organization against the maturity levels of SPIIMM.
We also conducted a feedback session with the case study participants to investigate the results and usefulness of SPIIMM (Section VI-G). A questionnaire was developed to structure the feedback session, and can be found via the link (http://tinyurl.com/zyxhf26). The questionnaire consists of three sections, A, B, and C. Section-A provides detailed demographic information about each participant. Section-B contains the evaluation of SPIIMM according to the assessment criterion discussed in Section VI-A. In Section-C, the list of the identified practices for CSFs and CBs is provided to the participant for review and suggestions.
C. PROFILES OF SELECTED ORGANIZATIONS
The selected three organizations are tagged as companies A, B, and C. Due to privacy reasons the original names of the respondent organizations are not disclosed.
1) COMPANY A
Company A is an ISO 9001:2008 certified international company that provides consulting and services related to information technology and electronics. Company A is a large organization with 10000+ employees and its network spans 54 countries worldwide. The participant of this case study is a product process consultant working in the branch of Company A located in Delhi, India.
Company A provides consultancy and technical services in the following main areas.
-Electronics industry -Machinery and heavy industry -Chemical industry -Financial services
Company B is a medium-sized government organization located in Uruguay. It has 200 employees and provides consulting services to software development organizations, in subjects ranging from standards adoption to organizational strategy. Company B assists software development organizations in transforming their development lifecycle to become agile, to achieve ISO certifications, and to streamline their delivery process.
The main areas where Company B provides consultation to software development organizations are as follows.
-Process improvement for software organizations -Transition to agile development -Process evaluation -Quality management system deployment -ISO 9001 audits
3) COMPANY C
Company C is a small organization located in London, U.K. It offers consulting and training services for software process improvement in the IT and telecommunication sectors. The participant of this case study is a senior project manager and business analyst. Company C helps organizations achieve their strategic business goals by providing consultancy and projects in the following areas.
-Business process redesign and alignment to strategic goals. -Improving business controls to enhance the effectiveness and efficiency of the management processes. -Design and management of programs and projects to roll out the new processes and process controls across the organization. -Providing consultancy with CMMI process improvement strategies, methodology, and Implementation.
D. CASE STUDY RESULTS AT COMPANY A
We used the Motorola assessment instrument [59] discussed in Section V-C to evaluate SPIIMM. According to the assessment criteria, if a specific critical success factor or critical barrier scores greater than seven, it will indicate that those factors have been successfully implemented. The respondent of Company A assessed the SPI implementation maturity level of his organization for the reported CSFs and CBs of SPIIMM. The summarized results of the case study conducted at Company A are reported in Table 7 .
The results in Table 7 illustrate that Company A is at Level-3 of SPIIMM. The company has addressed all CSFs and CBs of Level-2 and Level-3 as the average score of each CSF and CB is ≥ 7. To achieve a specific maturity level, all the CSFs and CBs of that level should be addressed, and the average score should be ≥7. Therefore, to achieve maturity Level-4, Company A must seriously address the critical success factor (CSF5: project pilot implementation) as its current score is less than 7, meaning that Company A has given less attention to conducting a pilot-based implementation of newly adopted standards and models.
E. CASE STUDY RESULTS AT COMPANY B
The respondent of Company B is an SPI consultant and researcher, and he evaluated the maturity level of the company using SPIIMM. A summary of the results is presented in Table 8 .
The results illustrate that Company B stands at Level-1 (Initial) of SPIIMM as one critical barrier, i.e., (CB3: lack of process improvement knowledge), of Level-2 is not fully addressed, as the average final score is <7. Company B should thoroughly address this barrier to achieve the maturity Level-2 (Commitment). Similarly, to achieve maturity Level-3 and Level-4, Company B should address the critical success factors and barriers, as it has an average final score lower than 7.
F. CASE STUDY RESULTS AT COMPANY C
The participant of the case study used SPIIMM to assess and measured the SPI related maturity level of Company C.
The results presented in Table 9 show that Company C is at maturity level-2 of SPIIMM. CSFs and CBs of levels-2 (Commitment) are strongly addressed as their average evaluation scores are ≥7. The management of company C is therefore strongly committed to the implementation of SPI activities.
G. EXPERTS FEEDBACK ON SPIIMM
In addition to the case studies, the experts were requested to evaluate the SPIIMM against the assessment criteria reported in Section VI-A. As discussed, a questionnaire survey was used to conduct the feedback sessions with the three participants of the case studies. Each participant was asked to assess the effectiveness of SPIIMM against the following criteria.
-Ease of use -User satisfaction -Structure of SPIIMM
1) EASE OF USE
The results show that the case study participants of SPIIMM were satisfied with respect to the criterion developed for ease of use. The participants were asked questions about the ease of use and their feedback was positive. They agreed with the assessment results of SPIIMM. The summarized results regarding ease of use are presented in Table 10 , which VOLUME 5, 2017 show that the participants positively agreed with the questions regarding the ease of use of SPIIMM. Two participants were neutral concerning the need of conducting training sessions to completely understand the use of SPIIMM.
2) USER SATISFACTION
All the participants provided positive responses and highlighted that it would be useful to deploy SPIIMM in the software industry, which illustrates that the experts considered SPIIMM useful and elegant for the GSD industry. They were asked to rank the usefulness of SPIIMM for the GSD industry and 100% of the participants gave a satisfactory response, as shown in Table 11 . Any type of GSD organization can therefore assess their SPI related activities using SPIIMM and also could deploy it to improve their process improvement program.
The experts responded to the other questions positively, i.e., the generic nature of SPIIMM, reporting the weak and strong areas of the organization related to SPI, and the software tool of SPIIMM.
3) STRUCTURE OF SPIIMM
The feedback questionnaire consists of closed and openended questions, to identify any limitations in the structure of SPIIMM. The summarized results of the responses regarding the structure of SPIIMM are reported in Table 12 . The participants positively considered the core components of SPIIMM as practical and robust for the GSD industry. The experts also agreed with the five maturity levels of SPIIMM to assess the SPI maturity level of an organization. The maturity levels are thus sufficient and well-defined.
One expert reported additional improvement by moving the critical barrier (CB3: lack of process improvement knowledge) from maturity level-2 (Commitment) to level-4 (Managed). He reported that the management may have a complete understanding and knowledge of the process improvement program but may still not be committed. Similarly, he suggested moving critical barrier (CB5: lack of resources) from level-4 (Managed) to level-2 (Commitment) as lack of sufficient resources can prevent higher management from committing to deploying the SPI program.
One expert recommended moving practice (P3-SF2: Facilitate process improvement team members) from factor (CSF2: staff involvement) to (CSF1: management commitment). He highlighted that providing the core facilities will demonstrate the strong commitment of higher management toward the implementation of the SPI program. One expert suggested rephrasing the practice (P1-CB3: Detail process improvement knowledge) to a meaningful sentence. We therefore updated this practice to (P1-CB3: Team members should have deep and detailed knowledge related to process improvement).
Another expert criticized the adopted Motorola assessment method. He mentioned that the way we have used this method is complex in the case study. He suggested using the Motorola assessment tool when we conduct focus group studies. This could be a valuable suggestion for researchers willing to use the Motorola assessment tool.
H. REVISED SPIIMM
The structure of SPIIMM was revised based on the case studies conducted with the SPI expert. The feedback results of the expert revealed that minor changes in the structure of SPIIMM are necessary. As discussed in Section VI-G3, we moved the critical barrier (CB3: lack of process improvement knowledge) from maturity level-2 (Commitment) to level-4 (Managed). Similarly, one expert recommended moving the critical barrier (CB5: lack of resources) from level-4 (Managed) to level-2 (Commitment). Other small changes were made in the practices of CSFs and CBs by moving practice (P3-SF2: facilitate process improvement team members) from factor (CSF2: staff involvement) to (CSF1: management commitment). The revised structure of SPIIMM is shown in Table 13 .
VII. THREATS TO VALIDITY
We have identified some issues in the design of this study. Internal validity refers to the overall evaluation of the results. The outcomes of the pilot study provided an acceptable level of internal validity as the variables considered in this research work were obtained from a detailed literature review and piloting of the questions. External validity refers to the generalization of the outcomes for all other domains [60] . In this research project, we collected the data from a diverse range of SPI experts across different countries. We are confident to generalize our results, because we have found more similarities than differences in our country based comparison of the survey results [63] .
One possible threat to external validity is the sample size of the case study. The selected sample size was small (three) so the results of the case study might not be generalized to the real world. However, like similar research studies, we are certain that that our sample size was sufficiently representative [35] , [36] , [49] .
With respect to the questionnaire survey, construct validity represents whether or not the measurement scales denote the attributes being measured. The attributes considered in this study were obtained from an extensive body of literature [23] , [28] , [30] and through discussion with SPI practitioners. The feedback from practitioners demonstrates that all the selected attributes were related to their work. Another possible limitation of construct validity is that the survey respondents might have interpreted the critical success factors; critical barriers, and practices differently. We were not able to directly verify the views and opinions of the experts so their feedback on the factors may not necessarily be authentic.
In this survey questionnaire, the experts were provided with close-ended questions to rank the identified success factors and barriers of their practices. The close-ended questions limit the survey respondents to only those success factors, barriers, and practices that are provided in the list. We attempted to eliminate this problem by providing an open-ended text box to the respondents so they could provide additional factors in addition to those reported. However, like the researchers of many studies based on experience data [36] , [48] , [50] , [55] , we are confident about the findings of the data collected from the SPI practitioners, who have broad experience in SPI-related activities. 
VIII. CONCLUSIONS AND FUTURE WORK
In this study, a software process improvement implementation and management (SPIIMM) is presented that can assist GSD organizations to successfully execute SPI activities. The model was based on the concepts of existing models (i.e., CMMI, IMM, SOVRM) and the phenomena of critical success factors and barriers.
We analyzed the available literature using the SLR approach and extracted the factors that can have a positive or negative impact on SPI implementation in the domain of GSD [25] , [63] , [64] . During the SLR study, 21 success factors (positive impact) and 22 barriers (negative impact) were identified. Out of the 21 success factors, 6 were ranked as CSFs based on the criterion of factors having a frequency ≥50% in both the literature and the empirical study. Similarly, five barriers were ranked as CBs for SPI implementation in GSD. For the reported CSFs and CBs, we identified 56 practices using the SLR approach. We conducted an industry specific empirical study using the questionnaire survey approach with 111 SPI experts, validate our SLR findings and to identify new success factors, barriers, and practices in addition to those reported. Using the questionnaire survey, we identified an additional 15 practices to address the CSFs and CBs.
The SPIIMM was structured based on the findings of SLR, the empirical study, and existing models. The identified CSFs, CBs, and practices were distributed into five maturity levels of SPIIMM. We conducted three case studies in three organizations, to evaluate the effectiveness of the SPIIMM.
The case studies results demonstrate that the SPIIMM is a suitable tool for the GSD organizations to assess their SPI-related maturity levels and to guide an organization to improve their SPI activities to advanced levels.
In future, we will develop a software tool for SPIIMM that can assist an organization in assessing their current SPI maturity level and to identify the most critical success factors and barriers that can affect the SPI program. The tool will also suggest the most suitable practices to address each CSF and CB of a specific maturity level, in order to achieve the next level. The tool will generate a complete report based on the assessment results and the suggestions of practices for CSFs and CBs. We have identified other research gaps in this area, which we plan to address in future studies. We will extend SPIIMM based on the client-vendor based nature of GSD organizations, as currently most researchers focus on the client perspective of GSD organizations [61] , [47] . We also plan to highlight the activities involved in each maturity level of SPIIMM.
